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Engineers need…  BUT Biologists want…
µBED = tan φ = tan 43 = 0.933
θ = tan-1 ((½DRW)/(LT)) = tan-1((3)/(20))= tan-1(.15) = 8.53°
z = (½ DRW) sin θ = (3)sin 8.53° = 0.445
∀RW = π (DRW/2)2 LRW ηP = (π 32)(3)(0.8) = 67.8 ft3

∀T = (π r2)LT = π (DT/2)2(20) = (3.1416(2/2)2)(20) = 62.8 ft3
∀Tsub =  (dw/sinθ)(π r2) = (1/sin8.53)(3.1416(DT/2)2) = (6.7)(3.1416(2/2)2) = 21.0 
ft3
ARWsub= ARWPsub =  π (DRW/2)2 Psub = (3.1416)(9)(0.075) = 2.12 ft2
∀RWsub=  ARWsubLRW = (2.12)(3) = 6.4 ft3

FG = (∀T + ∀RW) ρT = (62.8 + 67.8) 31.2 = 4075 #

FB = (∀Tsub + ∀RWsub) ρw = (21.0 + 6.4)62.4 =  1710 #

FSB = FG / FB = 4075 / 1710 = 2.4   No ballast required

FF = (v2/2g) ARWsub ρw CDRW = (52/64.4)(2.12)(62.4)(1.2) =  62 #

1.ΣFy,FF (sin θ) + FG = FB +FNT + FNRW
62(sin 8.53) + 4075 = 1710 + FNT + FNRW
FNRW = 62(sin 8.53) + 4075 - 1710 - FNT
FNRW = 2374 - FNT

2.       ΣMo,FNT (LTcosθ + z) + FB z = FG z + FF (2/3 dw)
FNT (20cos8.53 + 0.445) + ((1710)(0.445)) =((4075)(0.445)) + 
(62)((2/3)(1))
FNT (20.22) + (761) = (1813) + (41)
FNT = 54 #

FNRW = 2374 - FNT  = 2374 – 54 = 2320 # 

Solve Equation 2. for FNT, substitute into Equation 1.  Solve for 
FNRW

F = F µ = (54)(0 933) = 50 #

















Recommendations
• Involve US Fish and Wildlife Service earlier in 

the process.
• Provide better representation of spatial data.
• Modify engineering drawings to make them 

clearer and more understandable to non-
engineers.

• Follow-up – what recommendations were 
accepted and helpful?
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